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pespite advances in medical and device therapy for chronic
eart failure (CHF) over the past 3 decades, the morbidity
nd mortality of CHF remain extraordinarily high. Much
ffort has therefore been expended to develop prognostic
ools to better risk stratify patients with CHF. Although
emographic and clinical factors such as age, sex, New York
eart Association functional class, atrial fibrillation, and
ystolic blood pressure and laboratory measures such as left
entricular ejection fraction and renal function have long
een recognized to affect prognosis (1), the utility of
ardiopulmonary exercise testing (CPX) for this purpose has
een increasingly recognized in recent years. Peak oxygen
onsumption (V˙o2), typically normalized for body weight,
as the first prognostic CPX variable identified in patients
ith CHF (2,3). This finding followed logically from the
bservation that peak aerobic capacity, whether quantified
y exercise duration or estimated metabolic equivalents
uring treadmill exercise testing, predicts outcomes in the
eneral population (4) and in those with suspected or
nown coronary heart disease (5).
See page 1814
More recently, additional CPX variables reflecting ven-
ricular efficiency have been identified as powerful prognos-
ic indicators in CHF. Several studies over the past decade
ave shown that the linear relationship between minute
entilation (VE) and carbon dioxide production (V˙co2)
hroughout exercise is a potent predictor of mortality and
ospitalization in patients with CHF, probably more pow-
rful than peak V˙o2 in this regard (6–10). A simpler version
f this relationship, the lowest VE/V˙co2 ratio during exer-
ise, has shown similar prognostic utility as VE/V˙co2 slope
11). Higher values for VE/V˙co2 slope, indicating excessive
entilation, are associated with a worse prognosis. Although
he precise mechanism for the prognostic value of VE/V˙co2
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iews of the authors and do not necessarily represent the views of JACC or the
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hose of the National Institutes of Health or the U.S. Department of Health and
uman Services.lope is unclear, the excess ventilation represented by higher
alues likely indicates greater dead-space ventilation from
oor perfusion of ventilated alveoli, due in part to reduced
ardiac output during exercise (12).
Another ventilatory abnormality evident during exercise
n some patients with CHF is oscillatory breathing (OB), as
efined by cyclic variation in VE, accompanied by oscilla-
ion of similar frequency in other gas-exchange variables
uch as V˙o2, V˙co2, respiratory exchange ratio (V˙co2/V˙o2),
nd end-tidal pressures for O2 and CO2 (13,14). In fact, an
B pattern at rest or during routine activity, known
linically as Cheyne-Stokes respiration, has long been rec-
gnized to identify patients with advanced CHF. Whether
t rest or during exercise, such cyclic variations in ventilation
re thought to be mediated by low cardiac index, prolonged
irculation time, and augmented peripheral chemoreceptor
ctivity (15,16) and are associated with a poor prognosis
13,14,16,17).
In this issue of the Journal, Sun et al. (18) investigate the
bility of OB together with other CPX-derived variables to
redict 6-month mortality and heart failure hospitalization
n 508 patients with systolic heart failure enrolled in 2
linical trials of cardiac resynchronization therapy. OB
atterns during exercise were detected in 49% of patients.
lthough an elevated lowest VE/V˙co2 ratio or VE/V˙co2
lope was the best predictor of adverse outcomes, the
ddition of OB substantially increased the odds ratio for
uch events; together, the lowest VE/V˙co2 ratio and OB
epresented the most potent prognostic pair of CPX vari-
bles, with an area under the diagnostic receiver-operating
haracteristics curve of 0.80. Of note, age, New York Heart
ssociation functional class, QRS duration, and left ven-
ricular ejection fraction were not independent predictors of
utcome when added to CPX measurements, perhaps be-
ause of the relative homogeneity of the sample. Study
imitations, recognized by the investigators, include the
iased sample, restricted to potential candidates for cardiac
esynchronization therapy, and the modest number of
eaths in the short follow-up period. However, these factors
ould be more likely to blunt than to accentuate the
rognostic significance of CPX variables.
Are the current findings from the Wasserman laboratory9,18), a pioneer in the clinical application of CPX testing,
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April 27, 2010:1824–5 Breathing Not Properly During Exerciseeady to be incorporated into cardiology practice? Important
hallenges to the widespread use of OB as a prognostic CPX
riterion are the absence of a universally accepted definition
f OB during exercise and the need to manually identify OB
atterns. In the present study (18), OB was defined by 3
onsecutive cyclic variations of ventilatory amplitude ex-
eeding 30% of the concurrent mean VE and a complete
scillatory cycle duration of 40 to 140 s. Oscillations of
imilar frequency were also required in 3 of the additional
PX variables shown in their Figure 1 (18). Thus, the
etection of OB during exercise requires high-quality gas-
xchange tracings and an experienced reader. Nevertheless, it
hould be possible to program existing metabolic carts to
ecognize OB once the criteria for its presence are agreed upon.
dditional considerations include whether a graded or quan-
itative assessment of OB would provide more prognostic
nformation than the dichotomous definition used by Sun et al.
he reproducibility of OB in a given patient and the prognos-
ic significance of its appearance, disappearance, or change in
agnitude also require investigation.
Regardless of the challenges to the detection and quan-
ification of OB, the current study advances the important
oncept that combinations of CPX variables are likely to
rovide greater prognostic power than a single variable, be it
E/V˙co2 slope or peak V˙o2. Table 4 in Sun et al. (18)
llustrates this concept by demonstrating the increment in
rognostic area under the curve achieved by combining OB
ith each of several other CPX variables. Future studies
hould determine the optimal combination of CPX and
linical and demographic variables for prognostic assess-
ent in a large, broadly representative heart failure
opulation. From these studies, a prognostic score can be
eveloped, which should subsequently be validated in an
ndependent sample. Such a prognostic instrument would
nd widespread application, given the unabating heart
ailure epidemic and the expanding armamentarium of
edications and devices available to treat patients with this
ethal disorder.
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